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SI.]MMARY
Microbial degradation of the algal carbohydrate agar, a complex mixture the
structure of which is described in chapter 2, is found among only a limited number
of microorganisms. By far the largest number of agarolytic microorganisms are
bacteria. Since agar is produced by marine algae, which belong to the Rhodo-
phyceae, these bacteria are mainly found in marine environments.
The literature on agar degradation, which has been reviewed in chapter 2,
consists mainly of reports of the isolation of agarolytic bacteria and their identifica-
tion, and of the use of agarolytic enzymes for the elucidation of the structure of
agar polysaccharides. From the literature it appears that the knowledge of the
enzymology of the hydrolysis of agar and of the regulation of the enzymes involved
is l imited. It was therefore an attractive task to investigate these particular areas.
The present study was started with attempts to isolate agarolytic bacteria in
order to select a suitable organism for such studies. Attempts were made to isolate
these bacteria from a variety of non-marine habitats from different locations in The
Netherlands, using an enrichment technique. As is described in chapter 3. such
bacteria were only isolated from samples taken from the IJsselmeer, some adjacent
lakes and from wet soil in Zuidelijk Flevoland; enrichments from other locations
were unsuccessful. Whether the occurrence of the strains isolated is restricted to the
IJsselmeer and adjacent lakes is not known with certainty. Some factors which
might be of relevance for the occurrence of agarolytic microorganisms in these
habitats are discussed.
All agarolytic strains isolated appeared to be identical and were gram-negative,
yellow-pigmented, rod-shaped bacteria. One of the strains was studied in more
detail and the results ofthese studies are also described in chapter 3. On the basis of
its gliding motility, the organism was placed into the genlus C.vtophaga since neither
fruiting bodies nor microcysts were observed, and designated as CyTspllaga flevensís
sp.nov. Other characteristics in common with other C),tophaga species are its low
GC base ratio, its resistance to polymyxin B and its preference for carbohydrates as
a carbon and energy source for growth.
Since C. flevensis appeared to produce an inducible agarase, this organism was
chosen for further studies of the enzymology and regulation of its agarolytic enzy-
me system. The initial hydrolysis of agar polymers by C. llevensls appeared to be
catalyzed by an agarase, studies of whicl-r are described in chapter 4. This enzyme
appeared to be inducible and was extracellular under most conditions tested. The
effect of cultural conditions on the production of asarase was studied in batch and
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continuous culture. In batch culture, production was optimal when C. flevensis was
incubated at 20 C in mineral nedium with agar as the sole carbon source and
ammonium nitrate as the nitrogen source at an init ial pH of 6.6-7.0. Production of
the enzyme was subject to catabolite repression, since its synthesis was repressed
when glucose was added to the medium in batch culture. Furthermore, in continu-
ous culture, the specific rate of enzyme production decreased with increasing
growth rate. Extracellular agarase was partially purified and the enzyme preparation
obtained was very stable. It is an endo-acting B-agarase which is highly specific for
polysaccharides containing neoagaÍobiose units. The optimal conditions for its acti-
vity were pH 6.3. and 30 C. When agarose was used as a substrate, however, an
apparent emperature optimum of 35 C was found, due to gell ing of the substrate
during the assay procedure at temperatures below 35 C.
The final products of hydrolysis of agarose by the agarase were neoagarotetraose
and neoagarobiose. Since neoagarotetraose contains two e-galactosidic and one
B-galactosidic linkage, two additional enz-ymes are required to hydrolyze agarose
into its constituent monomers. In chapter 5 attempts are described to localize these
two enzymes in C. flevensis and to purify them for further characterization. The
organism possesses an enzyme that hydrolyzes the tetramer by cleavage of its
central B-galactosidic l inkage. The product of this reaction, neoagariobiose, is
further hydrolyzed by a different enzyme to D-galactose and 3,6-anhydro-L-
galactose. Both enzyme activit ies were localized in the cytoplasnr. Although the
attempts to purify the respective nzymes resulted in a 30-40 fold purif ication,
the final preparation contained both neoagarotetra-ase and neoagarobiase activi-
t ies. Evidence was obtained that these activit ies were due to different enzymes.
Neoagarotetra-ase i  highly specific for oligosaccharides containing neoagarobiose
units; the rate of hydrolysis is greatest with neoagarotetraose. It cannot hydrolyze
pyruvated neoagarotetraose. Optimal conditions for its activity were pH 7.0 and
25 C. Neoagarobiase hydrolyzes only neoagarobiose and neoagarobiitol and optimal
conditions for activity were pH 6.75 and 25 C. Both enzymes were inhibited by
Ag+, Hg2+ and Zn2+ ions and by p-CMB which indicated that thiol groups were
present in their active centres. Just l ike the agarase, both enzymes were induced
by neoagaro-oligosaccharides and melibiose and were repressed when glucose was
added to the mediurn. Evidence was found, however, that the production of agar-
ase, neoagarotetra-ase and neoagarobiase was not coordinated.
In chapter 6 preliminary experiments are described on the regulation of the
production of extracellular agarase in suspensions of resting cells of C. flevensis.
Optimal agaÍase production was found when the cells were shaken at l5 or 20 C in
potassium phosphate buffer pH 6.9 containing calcium ions, glutamic acid or Cas-
amino acids and a suitable inducer. Enzyme production was only found when neoa-
garo-oligosaccharides or melibiose were present as an inducer. Neoagarotetraose was
a much better inducer than neoagarobiose. Cyclic AMP did not overcome repression
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